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CONTROLLED RELEASE FORMULATION 



The present invention relates to a controlled release formulation. More particularly, the invention relates 
to a formulation based on a gel matrix, and to various applications of this formulation, for example as a controlled 
release pharmaceutical composition, as a composition for the controlled release of a foodstuff additive, or as 
5 one component of a diagnostic assay apparatus. 

Various devices whereby a desired ingredient is released in a controlled manner from a gel matrix are 
known from the art For example, GB-A-2207353 describes a calcium-free formulation comprising up to 45% 
by weight of a pH-dependent algin tc add salt e.g. sodium alginate, and up to 35% by weight of a pH-dependent 
hydrocolloid gelling agent e.g. hydroxypropylmethyi cellulose, for the controlled release of a basic phar- 
io maceutical agent e.g. verapamil. Adelivery system is described in EP-A-0202819 consisting of an active ingre- 

dient entrapped in a cross-linked alginate or carrageen enate matrix; release of active ingredient from the matrix 
is stated to be prolonged and controlled. 

Formulations based solely on the entrapment of an active ingredient in a cross-linked gel matrix possess 
various drawbacks. For example, molecules whose diameter is smaller than that of the matrix pores, and par- 
rs ticulariy water-soluble molecules, have a distinct tendency to "leach* from the formulation. This renders difficult 
the preparation of formulations from which the release of active ingredient can be effected in a controlled man- 
ner. Moreover, in the case of expensive ingredients, such as many drugs, premature "leaching" of the active 
ingredient from the formulation has significant economic disadvantages. 

We have now found that these drawbacks can be overcome by providing a formulation in which the ingre- 
20 dient is bound to a protein which is itself entrapped in a gel matrix. The protein-bound ingredient remains 
associated with the matrix until such a time as the formulation is brought into contact with a proteolytic enzyme 
for which the entrapped protein is an appropriate substrate, whereupon the protein is degraded and the ingre- 
dient thereby released. 

Accordingly, in one aspect the present invention provides a controlled release formulation comprising: 

25 a gel matrix; 

a protein entrapped In the gel matrix; and 
an ingredient capable of binding to the entrapped protein; 
whereby, upon exposure of the formulation to a proteolytic enzyme-containing environment, the protein is deg- 
raded and the ingredient released. 

30 By "ingredient" is meant any substance the release of which from the formulation is desirably effected in 
a controlled manner. Examples of suitable ingredients include pesticides, herbicides, germicides, biocides, 
algicides, rodentiddes, fungiddes, insecticides, antioxidants, plant growth promoters, plant growth inhibitors, 
preservatives, disinfectants, sterilization agents, catalysts, chemical reactants, fermentation agents, foods, 
food supplements, foodstuff additives, nutrients, cosmetics, drugs, vitamins, sex sterflants, fertility inhibitors, 
35 fertility promoters, air purifiers, microorganism attenuators, and indicator substances such as food dyes. 

It will be appreciated that the entrapped protein will be an appropriate substrate for the proteolytic enzyme, 
otherwise release of the ingredient from the formulation will not occur at the desired location. The protein must 
also, of course, be capable of being entrapped in the gel matrix. Further to these requirements, however, no 
additional restriction on the nature of the protein and of the proteolytic enzyme is envisaged. 

40 The proteolytic enzyme itself may be present in situ in a living human or animal body, or may be used in 

isolated and/or purified form in vitro . The controlled release formulation according to the invention is accordingly 
amenable to a range of applications. 

Thus, in a further aspect the present invention provides a controlled release pharmaceutical composition 
comprising: 

45 a gel matrix; 

a protein entrapped in the gel matrix; 
a drug capable of binding to the entrapped protein; and 
optionally pharmaceutically acceptable excipients; 

whereby, upon exposure of the composition to a proteolytic enzyme-containing environment, the protein is deg- 
so raded and the drug released. 

As used herein, the term "drug" includes any physiologically or pharmacologically active substance that 
produces any localized or systemic effect or effects In animals, including mammals, humans and primates. Par- 
ticular animals thus include domestic household, sport or farm animals such as sheep, goats, cattle, horses 
and pigs; and laboratory animals such as mice, rats and guinea pigs; as well as fishes, birds, reptiles and other 
55 zoo animals. 

It will be appreciated that the sole requirement for the drug used w3l be its ability to bind to the entrapped 
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protein. In principle, therefore, any known drug can be employed as long as an acceptable protein can be found 
to which It will bind. By 'acceptable protein’ is meant any protein capable of being entrapped in the gel matrix. 

Examples of beneficial drugs are disclosed in Remington’s Pharmaceutical Sciences. 17th Ed., 1985, 
published by Mack Publishing Co., Easton, Pennsylvania, USA; and in Goodman and Gilman. The Phar- 
5 macological Basis of Therapeutics. 7th Ed., laas nnhiish^ h y Marian i 

The active drugs that can be employed include inorganic and organic compounds that act on the peripheral 
nerves, adrenergic receptors, cholinergic receptors, nervous system, skeletal muscles, cardiovascular system, 
smooth muscles, blood circulatory system, synaptic sites, neuroefTector junctional sites, endocrine and hor- 
mone systems, immunological system, reproductive system, skeletal system, autocoid systems, and alimentary 
io and excretory systems, as wefl as inhibitors of the autocoid and histamine systems. Examples of suitable drugs 
include materials that acton the central nervous system such as hypnotics and sedatives. Including pentobar- 
bital sodium, phenobarbital, secobarbital, thiopental and mixtures thereof; heterocyclic hypnotics and sedatives 
such as dioxopiperidines and glutarimides; hypnotics and sedatives such as amides and ureas, exemplified 
by diethylisovaleramide and a-bromoisovaleryl urea; hypnotic and sedative urethanes and disulphanes; 
is psychic energizers such as isocoboxazid, nialamide, phenelzine, imipramine, amitryptyline hydrochloride, 
tranylcypromine, pargytene, and protryptyline hydrochloride; tranquilizers such as chloropromazine, prom- 
azine, fluphenazine, reserpine, deserpidine, meprobamate, and benzodiazepines such as chlordiazepoxide; 
anticonvulsants such as primidone, enitabas, diphenylhydantoin, ethyltion, pheneturide and ethosuximide’ 
muscle relaxants and antiparkinsonian agents such as mephenesin, methocarbamol, cyclobenzaprine. trihexyk 
20 phenidyl, fevodopa/carbidopa, and blperiden; antihypertensives such as a-methyldopa, L-p-3 4-dihyd- 
roxyphenyl alanine, and pivaloyioxyethyl ester of a-methyldopa hydrochloride dihydrate; anaigesics’such as 
morphine, codeine, meperidine and nalorphine; antipyretics and anti-inflammatory agents such as aspirin, 
indomethacin, sodium indomethacin trihydrate, salicylamide, naproxen, colchicine, fenoprofen, sulindac, dif- 
lunisal, diclofenac, indoprofen and sodium salicylamide; local anaesthetics such as procaine, ildocaine 
25 maepaine, piperocaine, tetracaine and dibucaine; antispasmodics and muscle contractants such as atropine,’ 
scopolamine, methscopolamine, oxyphenonium and papaverine; prostaglandins such as PGEt, PGE 2l PGF 1a , 
PGF^ and PGA; antimicrobials and antiparasitic agents such as penicillin, tetracycline, oxytetracydine! 
chlorotetracycline, chloramphenicol, thiabendazole, ivermectin, and sulphonamides; antimalarials such as 4- 
aminoquinolines, 8-aminoquinolines and pyrimethamine; hormonal agents such as dexamethasone, pred- 
30 nisolone, cortisone, cortisol and triamdnolone; androgenic steroids such as methyitestosterone and 
fluoxymesterone; oestrogenic steroids such as 178-oestradiol, a-oestradiol, oestriol, a-oestradiol 3-benzoate 
and 17-ethynyl oestradtol-3-methyl ether; progestational steroids such as progesterone, 19-nor-pregn-4-ene^ 
3,20-dione, 17-hydroxy-19-nor-17a-pregn-5(10)-ene-20-yn-3-one, 17a-ethynyi-17-hydroxy-5(10}-oestren-3- 
one, and 9p,10a-pregna-4,6-diene-3,20-dione; sympathomimetic drugs such as adrenaline, 
35 phenylpropanolamine hydrochloride, amphetamine, ephedrine and noradrenaline; hypotensive drugs such as 
hydralazine; cardiovascular drugs such as procainamide, procainamide hydrochloride, amyl nitrite, nitroglyce- 
nn. dipyridamole, sodium nitrate and mannitol nitrate; diuretics such as chlorothiazide, acetazolamide, 
methazolamide, hydrochlorothiazide, amiloride hydrochloride, tlumethiazide, ethacrynic acid and furosemide; 
antiparasitics such as bephenium, hydroxynaphthoate, dichlorophen and dapsone; neoplasties such as 
40 mechloreth amine, uracil mustard. 5-fluorouracil, 6-thioguanine and procarbazine; p-blockers such as pindolol 

propranolol, practolol. metoprolol. oxprenolol. timolol, timolol maleate, atenolol, alprenolol. and acebutolol; 
hypoglycaemic drugs such as insulin, isophane insulin, protamine zinc insulin suspension, globin zinc insulin 
extended insulin zinc suspension, tolbutamide, acetohexamide, tolazamide and chlorpropamide; antiulcer 
drugs such as dmetidine and ranitidine; nutritional agents such as ascorbic acid, niacin, nicotinamide, folic add 
45 choline, biotin, pantothenic add. and vitamin B«; essential amino adds; essential fats; eye drugs such as 
timolol, timolol maleate, pilocarpine, pilocarpine nitrate, pilocarpine hydrochloride, dichtorphenatnlde. atropine 
atropine sulphate, scopolamine and eserine salicylate; electrolytes such as calcium gluconate, caldum lactate 
potassium chlonde, potassium sulphate, sodium chloride, potassium fluoride, sodium fluoride, ferrous lactate’ 
ferrous gluconate, ferrous sulphate, ferrous fumarate and sodium lactate; drugs that act on a-adrenergic recep^ 
so tore such as clonidine hydrochloride; and quinoline and naphthyridine carboxylic acids. 

A preferred class of drug comprises the tetracycline series, especially chlorotetracydine, demedocydine 
and tetracycline itself. 

The drug can be in various forms, such as uncharged molecules, molecular complexes, and pharmacologF 
caliy acceptable salts such as hydrochloride, hydrobromide, sulphate, laurylate, palmitate, phosphate, nitrite, 
55 borate, acetate, maleate, tartrate, oleate and salicylate salts. For add drugs, salts of metals, amines or organic 
cations, for example quaternary ammonium salts, can be used. Derivatives of drugs such as esters ethers and 
amides which have suitable solubility characteristics can be used alone or mixed with other drugs. Moreover 
a water-insoluble drug can be used in a water-soluble derivative form thereof and, on its release from the compo^ 
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sition, can, for example, be converted by enzymes, or hydrolyzed by body pH or other metabolic processes, 
to the original form, or to a biologically active form thereof. 

The amount of drug to be incorporated into the composition will depend upon such factors as the nature 
of the drug concerned, and the severity of the disorder to be treated. In general, amounts of 0.05 to 60% by 
5 weight of the final composition are suitable, preferably 5.0 to 50%. 

The optional pharmaceutically acceptable excipients assist In the manufacture of the composition and 
include conventional materials such as lactose, magnesium stearate, talc and sorbitol. 

A notable advantage of the pharmaceutical composition according to the invention is site-specificity. Thus, 
by appropriate choice of protein embedded in the gel matrix, the composition can be formulated so as to remain 
io intact upon passage through the body until it encounters a particular enzyme for which the protein is the sub- 
strate. Only at this point will the protein be degraded and the drug released. The drug can hence be targetted 
accurately at its intended site of activity, thereby minimising any adverse side-effects due to interaction of the 
drug with other sites throughout the body. 

in order to ensure that release of drug into the stomach cavity is minimised, the composition can be provided 
15 with a conventional enteric layer. A variety of materials can be used for such enteric layers or coatings, such 
materials including a number of polymeric adds and mixtures of polymeric adds with such materials as shellac, 
cetyl alcohol and cellulose acetate. 

The present invention is not confined to orally administrable pharmaceutical compositions, however, and 
equally indudes within its scope pharmaceutical compositions for topical, rectal and parenteral administration. 
20 The compositions are preferably in unit dosage forms such as tablets, pills, capsules, suppositories, powders, 
granules, or sterile parenteral solutions or suspensions, and may conveniently be formulated by methods known 
from the art, for example as described in Remington’s Pharmaceutical Sciences , 17th Ed., 1985. 

In a further aspect the present invention provides a composition for the controlled release of a foodstuff 
additive comprising: 

25 a gel matrix; 

a protein entrapped in the gel matrix; and 
a foodstuff additive capable of binding to the entrapped protein; 
whereby, upon exposure of the composition to a proteolytic enzyme-containing environment, the protein is deg- 
raded and the foodstuff additive released. 

30 The expression "foodstuff additive” is used herein in its broadest sense. In particular, this expression 
encompasses such things as flavouring agents, perfumes, colouring agents and sweetening agents, and mixt- 
ures thereof. As before, the only requirement is that the foodstuff additive will be capable of binding to the entrap- 
ped protein. 

The foodstuff additive-containing composition according to the invention may be used in a variety of pro- 
35 ducts or vehicles including chewing gum and confectionery products, food products, tobacco, and proprietary 
products such as toothpaste and denture adhesive. 

The composition is particularly well suited to products requiring the gradual release of flavour over an exten- 
ded period of time, it can thus be employed particularly advantageously to impart a sustained flavour to products 
such as chewing gum, which is well known to lose its flavour sensation rapidly after only a short initial chewing 
40 period. 

Other situations in which the above composition may find application include the food processing industry, 
where it may be desired to release a given ingredient sustainedly over the duration of the processing cycle; 
and situations in which a particular flavouring ingredient is unstable and liable to decomposition. For example, 
a dry-mix dessert may contain an unstable flavouring ingredient in this case, it is dearly desirable that the ingre- 
45 dient concerned should be released Intact upon addition of mQk. and not decomposed prior to usage of the pro- 
duct 

Examples of flavouring agents useful as the foodstuff additive indude synthetic flavour oils, fruit essences 
and natural flavour oils derived from such sources as plants, leaves and flowers; as welt as mixtures of the 
foregoing. Particular examples indude spearmint oil, peppermintoD, cinnamon oil and oil of wfntergreen (methyl 
so salicylate); citrus oils derived from sources such as lemon, orange, grape, lime and grapefruit; fruit essences 
derived from sources such as apple, strawberry, cherry and pineapple; and extracts such as kola extract 

The amount of flavouring agent employed Is normally a matter of preference subject to such factors as 
flavour type, base type and strength desired. In general, amounts of 0.05 to 3.0% by weight of the final compo- 
sition are suitable, with amounts of 0.3 to 1.5% being preferred and 0.7 to 1.2% being particularly preferred. 
55 Useful colouring agents and fragrances may be selected from any of those found suitable for food, drug 

and cosmetic applications, especially those described In Kirk-Othmer's Encydopaedia of Chemical Technol- 
ogy, Vol. 5, pages 857-884. They may be incorporated In amounts of up to 1% by weight, and preferably up to 
0.6% by weight 
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properties, the alginates must be in the form of salts with multivalent cations. Examples of suitable multivalent 
cations Indude calcium, magnesium, zinc, copper, manganese, aluminium and Iron, and mixtures thereof. Pre- 
ferred multivalent cations are calcium and zinc, and mixtures thereof. Monovalent salts of alginates are water- 
soluble, and hence of no direct utility in the formation of gels. However, the monovalent cations are readily 
s displaced by multivalent cations, so monovalent alginate salts may therefore serve as useful precursors to the 
gel-forming multivalent alginate salts. 

An additional advantage to be derived from using a multivalent alginate salt as the gel-forming agent is 
that the multivalent cation employed may sssist in binding the active ingredient For example, tetracydines are 
well known to bind to divalent metal ions, in particular to Ca 2 * ions; this binding, In conjunction with binding of 
10 the tetracydine molecule to the entrapped protein, will advantageously contribute to the overall integrity of the 
gel matrix. 

Examples of suitable proteins for use in the controlled release formulation according to the invention indude 
casein and albumin. Each of these proteins Is capable of binding to a wide variety of Ingredients, and both are 
deavable by endoproteases, affording release of the active ingredient in a controlled manner. The use of albu- 
is min is particularly advantageous, since this protein Is known to form complexes with many drugs. Where albu- 
min is employed as the entrapped protein and the gel-forming agent is a multivalent alginate salt, the multivalent 
cation In this case will advantageously be Zn 2 *. Alternatively, where casein is used as the entrapped protein 
and the gel-forming agent is a multivalent alginate salt, the cation employed will advantageously be Ca 2 * or 
Zn 2 *, or a mixture thereof. 

20 The outward appearance of the controlled release formulation according to the Invention will In general be 
determined by the application to which the particular formulation concerned will be put Thus, the formulation 
may be presented in any suitable form conventionally employed in the relevant art Representative forms 
include beads, pellets, films, fibres and tubes. Standard techniques for the preparation of such forms may be 
employed, as described, for example, in Remington's Pharmaceutical Sciences . 17th Ed., 1985. Moreover, if 
25 the formulation is presented in the form of beads or pellets, a plurality of these may advantageously be con- 
tained in a hard gelatin capsule prepared by methods known from the art Typical beads or pellets measure 
from 0.5 to 4 mm in diameter; this is particularly advantageous for pharmaceutical use, since compositions for- 
med from particles larger than 4 mm in diameter have a tendency to be retained in the stomach, thereby poten- 
tially giving rise to undesirable localised side-effects. 

30 The invention further provides a method for the preparation of a controlled release formulation as defined 
above which comprises mixing a protein and an ingredient capable of binding thereto, whose release from the 
formulation is desirably effected in a controlled manner, with a gel-forming agent, the latterforming a gel matrix 
which entraps the protein together with the ingredient bound thereto. 

The proportions of the ingredients utilised in the above-described process will reflect those desired in the 
35 final product. Suitable amounts of active ingredient for incorporation into the finished formulation have already 
been indicated above. The proportions of gel-forming agent to protein advantageously employed are from 0.5:1 
to 10:1 by weight, preferably 1:1 by weight 

Where the gel-forming agent employed is a multivalent alginate salt, the gel matrix may conveniently be 
formed by adding an aqueous solution of the corresponding monovalent alginate salt e.g. the sodium, potas- 
40 slum or lithium salt, dropwise into an aqueous solution of a multivalent cation, preferably a divalent cation such 
as calcium chloride or zinc chloride. The protein and the active ingredient can be added together with or sepa- 
rately from the monovalent alginate salt solution, or may be already present in the multivalent cation solution. 
Once the droplets of monovalent alginate salt solution contact the multivalent cation solution a gel matrix rapidly 
forms, which entraps the protein together with the ingredient bound thereto. The advantage of this approach 
45 is that mixing of the final product is not necessary, since the size of the droplets can be controlled within the 

preferred range to ensure sufficient intimate contact and ion exchange. 

The monovalent alginate salt and the multivalent cation may be mixed in stoichiometric amounts, but the 
multivalent cation is preferably present in excess to ensure substantially complete replacement of the mono- 
valent cation by the multivalent cation in the gel matrix structure. Thus, suitable concentrations of the aqueous 
so monovalent alginate salt solution may be from 0.25 to 2.0% by weight, preferably 1 .0% by weight; whilst suitable 

concentrations of the aqueous solution of multivalent cation may be from 0.5 to 4.0% by weight, preferably 1 .0 
to 2.0% by weight The mixing of the components Is best carried out at a temperature which is lower than that 
at which the protein-bound ingredient win volatBise. The addition 19 conveniently carried out at temperatures 
between 1°C and 25°C, and preferably at room temperature. 

55 Once the gel matrix has been formed, the precipitate can then be filtered off, washed and dried. Drying of 

the gel matrix may be carried out by conventional methods such as air drying at room temperature or freeze 
drying, or combinations of these techniques. In general, drying is best effected at temperatures of 25°C or less; 
and drying at temperatures above the volatilisation point of the protein-bound ingredient is plainly not recom- 
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mended. Once dried, the resulting formulation can then be formed into suitable sized and shaped particles as 
described above. 

Particular embodiments of the invention will now be described by way of example and with reference to 
the accompanying drawings in which: 

Figure 1 depicts the release of dye from beads prepared from calcium alginate, casein and erythrosine, 
showing the absorbance of the supernatant after preparation, after addition of a-amylase and giucoamyl- 
ase, and then after addition of trypsin; 

Figure 2 depicts the release of dye from calcium alginate-casein-EBV beads by the action of trypsin, show- 
ing the variation of absorbance of the supernatant with time, after addition of trypsin; 

Figure 3 depicts the release of dye from calcium alginate-casein-EBV beads by the action of trypsin, show- 
ing the variation of rate of release of dye with concentration of trypsin used; 

Figure 4 depicts the release of dye from calcium alginate-casein-EBV beads by the action of chymotrypsin, 
showing the variation of rate of release of dye with chymotrypsin concentration; 

Figure 5 depicts the release of dye from calcium alginate-casein-EBV beads by the action of kallikrein 
showing the variation of rate of dye release with kaiiikrein concentration; 

Figure 6 depicts the release of dye from calcium alginate-casein-EBV beads by the action of HAP-PB92 

showing the variation of rate of dye release with proteinase concentration; 

Figure 7 depicts the release of dye from calcium alginate-casein-EBV by the action of elastase showing 
the variation of rate of dye release with elastase concentration; and 

Figure 8 depicts the release of tetracyclin from tetracydin-caseln-caldum alginate beads, by plotting the 
absorbance of supernatant at 370 nm against time. 

Preparative Example A 

Retention of Proteins in Alginate Gel Beads 

A solution of casein (5.0 g) in aqueous sodium hydroxide solution (150 cm», 0.033 M) was boiled for 10 
min and then cooled, adjusted to pH 6.0 with 2 M hydrochloric acid, diluted to 250 cm* with water and then 
readjusted to pH 6.0 with 0.05 M hydrochloric acid. A mixture of equal volumes (2.5 cm 3 each) of this solution 
and sodium alginate solution (2.0% w/v) was extruded dropwise through a syringe needle, dropping from a 
height of 10.0 cm into a solution of 2% (w/v) calcium chloride solution (50 ml). Beads were formed and the 
absorbance of the supernatant at 280 nm was read Immediately and then at intervals for 20 hr. 

This experiment was repeated using zinc chloride solution, and also using bovine serum albumin (BSA) in 
place of casein. The results are shown in Table 1 below. 
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30 3 

% of the protein incorporated in the beads which did 
not appear in the supernatant after the times shown. 

35 k The pH of the zinc chloride solution used for the 
preparation of the beads was 5.5. 

c The pH of the calcium chloride solution used for the 
40 preparation of the beads was 6.0. 

From Table 1, it can be seen that casein incorporated into calcium alginate beads is retained over a long 
period of time. Absorbance measurements at 280 nm on the supernatant above calcium alginate-casein beads 
45 showed virtually no leakage of peptide or protein over the first two hours. By contrast more than 90% of albumin 
incorporated into beads had diffused out in 2 hours. On the other hand, both casein and albumin are effectively 
retained within zinc alginate beads. 

Example 1 

50 

Incorporation of Dyes into Alginate and Alginate/Protein Gel Beads 

A solution containing 1% sodium alginate, 1% casein and 200 pg/cm 3 of erythrosine was dropped Into 2% 
calcium chloride solution, as described in Preparative Example A. After 1 hr, the absorbance at 525 nm wa 9 
55 read and compared with the absorbance of a solution obtained by dropping 200 pg/cm 3 of erythrosine alone 
into the calcium chloride solution, this latter giving a reference corresponding nominally to zero dye entrapped. 

The experiment was repeated with casein absent, and also with EBV, methyl orange, rose bengal or tar- 
trazine in place of erythrosine, with and without casein, and the absorbances of the supernatants read at the 
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appropriate wavelengths. The results are shown in Table 2(a) below. 

This series was also repeated using zinc chloride in place of calcium chloride and albumin in place of 
casein. The results obtained are shown in Table 2(b) below. 

Table 2 

Release of Dyes from Alginate and Alginate/Protein Beads 
(a) Calcium Alginate and Calcium Alginate/Casein Beads 



Dye Absorbance 

(^max rua ) standard® 


Absorbance of supernatant due to 
released dye 1 hr after 
preparation (% of standard) 






Calcium 

Alginate 

Beads 


_ Calcium 
Alginate/ Casein 
Beads 


Erythrosine 

(525) 


1.68 


1.34 (80) 


0.11 ( 7) 


EBV 

(600) 


0.465 


0.33 (71) 


0.08 (17) 


Methyl Orange 
(465) 


0.48 


0.39 (81) 


0.40 (83) 


Rose Bengal 
(540) 


0.73 


0.60 (90) 


0.185(25) 


Tartrazine 

(425) 


0.97 


0.955(98) 


0.955(98) 



Absorbance of the dye in the corresponding volume of 
solution with no alginate beads present. 
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(b) Zinc Alginate and Zinc Alginate/Albumin Beads 



5 


Dye • Absorbance 

(A max IBD ) standard 3 


Absorbance of supernatant due to 
released dye 1 hr after 
preparation (% of standard) . 


to 




Zinc 

Alginate 

Beads 


Zinc 

Alginate/ 
Albumin Beads 


IS 


Erythrosine 1.70 

(525) 


1.48 (87) 


O. 085 ( 5) 




EBV 0 . 69 

(600) 


0.24 (35) 


0.055 ( 8) 


20 


Methyl Orange 0.49 
(465) 


0.44 (90) 


0.16 (33) 




Rose Bengal 0 . 61 

(540) 


0.60 (98) 


0.105(17) 


25 


Tartrazine 0.955 

(425) 


0.91 (95) 


0.88 (92) 



a Absorbance of the dye in the corresponding volume of 
solution with no alginate beads present. 



From Tables 2(a) and 2(b), it can be seen that erythrosine, EBV and rose benga! exhibit substantia] binding 
35 in both calcium a!ginate-casein-dye beads and zinc alginate-aibumin-dye beads. Moreover, methyl orange dis- 
plays significant binding in zinc alginate-albumin-dye beads. Of the five dyes tested, only tartrazine was com- 
pletely released from both calcium alginate-case in-dye beads and zinc alginate-albumin-dye beads. 

Example 2 

40 

Release of Casein-Bound Erythrosine from Alginate Gel Beads 

Alginate-casein-erythrosine beads were prepared as described in Example 1. After 1 hr the beads were 
filtered off and resuspended in water (20 cm?) kept at 37°C and stirred continuously. The absorbance of the 
45 supernatant was read at 525 nm at intervals. After approx 20.5 hr a solution containing bacterial a-amylase 
(1 000 units in 200 pi) was added. At 21 hr a solution containing glucoamyiase (200 pi, 97.6 pg) was added. At 
25 hr, trypsin (177.6 mg in 200 pi water) was added. The absorbance at 525 nm was read after each addition. 
The result Is shown In Figure 1 . As can be seen from Figure 1 , essentially no release of dye occurred following 
the addition of a-amylase or glucoamyiase, since these enzymes are not proteases. However, addition of the 
so protease trypsin caused immediate and rapid release of dye into the supernatant solution. 

Example 3 



Release of Casein-Bound EBV from Alginate Beads 

Using a peristaltic pump, 2.0 ml of a solution containing sodium alginate (1%), casein (1%) and EBV (7.7 
pg, 0.2 mM) was dropped from a syringe needle into calcium chloride solution (20 cm 3 , 2%). The time required 
for pumping 2.0 ml was 3 min 20 sec. The beads were left in the CaCI 2 solution for 1-3 hr, then filtered off and 
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rinsed with approx 50 ml of water. The batch of beads was then placed in a flask with buffer solution (10 cm 3 ) 
containing the enzyme to be assayed. At intervals an aliquot of the supernatant was removed and. after its 
absorbance at 600 ran had been read, quickly replaced. Figure 2 shows the increase with time of absorbance 
of the supernatant solution when trypsin (18.6 pg in 0.02 M Tris buffer. pH 8.0) was used; it will be noted that 
s the rate of dye release varies linearly with respect to time. 

This experiment was repeated wfth varying concentrations of trypsin (6.2-43.4 pg in 10 cm 3 ), and in each 
case the rate of increase in absorbance of the supernatant was obtained. Figure 3 shows that the rate of release 
of dye varied linearly with respect to enzyme concentration. 

The experiment was also carried out using chymotrypsin (in 0.02 M Tris buffer. pH 8.0), kallikrein (in 0.02 
io M Tris buffer. pH 8.75), high alkaline proteinase HAP-P892 fin 0.02 M Tris buffer, pH 8.5) and elastase (in 0.02 
M Tris buffer, pH 8.75). Figures 4, 5, 6 and 7 respectively show the variation of dye release rate with enzyme 
concentration in each case. Each of these Figures shows a predictable, generally linear, variation of dye release 
rate with enzyme concentration. 

15 Example 4 

Release of Casein-Bound Tetracycline from Alginate Beads 

A set of tetracydine-casein-calcium alginate beads was prepared by dropping a solution (5 ml) of tetracyc- 
20 line (125 pg/ml), sodium alginate (1%) and denatured casein (1%) into calcium chloride solution (2%) at pH 
11. After 4 hr the beads were transferred into 0.02 M Tris buffer pH 8.0 and the supernatant monitored at 370 
nm for the release of tetracycline from the beads. Figure 8 shows that the release of tetracycline (26% of the 
total incorporated) was complete after 960 min. Then trypsin (142.5 pg in 200 p!) was added and the release 
of tetracycline was again monitored at 370 nm. Figure 8 shows the subsequent further release (up to 71% of 
25 the total incorporated) after a further 1 00 min. 



Claims 



30 1. A controlled release formulation comprising: 

a gel matrix; 

a protein entrapped in the gel matrix; and 
an ingredient capable of binding to the entrapped protein, 
whereby, upon exposure of the formulation to a proteolytic enzyme-containing environment, the protein is 
35 degraded and the ingredient released from the protein and into the enzyme-containing environment 

2. A formulation of claim 1 wherein the ingredient is a drug. 

3. A formulation of daim 2 wherein the drug is an antibiotic, hormone, hormone analog or chemotherapeutic 
40 agent, or mixture thereof. 

4. A formulation of claim 1 wherein the protein is casein or serum albumin or other protein capable of being 
entrapped in the gel, or mixture thereof. 

45 5. A formulation of daim 1 wherein the gel matrix is a matrix of a gel-forming polysaccharide or mixture of 

gel-forming polysaccharides selected from the group consisting of pectin, pectate, alginate, carageenin, 
xanthan gum guar gum, gum arabic, gum acacia, and carboxymethylcellulose. 

6. A formulation of daim 5 wherein the gel matrix comprises a matrix of a salt of an alginate with caldum, 

so magnesium, zinc, copper, manganese, aluminum or iron, or mixtures of calcium, magnesium, zinc, copper 

manganese, aluminum or iron. 

7. A formulation of daim 8 wherein the gel matrix comprises calcium alginate gel. 

55 8, A formulation of daim 1 in the form of a bead, pellet, film, fiber or tube. 

9. A formulation of daim 8 wherein the gel matrix comprises a caldum alginate gel bead. 
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10. A method for releasing the ingredient of claim 1 comprising adding one or more proteolytic enzymes to the 
controlled release formulation of claim 1. 

11. A method of claim 10 wherein the proteolytic enzyme is trypsin. 

12. A method of claim 10 wherein the ingredient is a drug which is released in a patient at a local site where 
the enzymes are active. 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



13 




EP 0 447 100 A1 




( S2S ) lumujadns aoupqjosqv 



14 



oC-Amylase Glucoamylase Trypsin 



Absorbance of Supernatant ( 600 nm I 



BP 0 447 100 A1 



Fig. 2. 
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Chymotrypsin Concentration ( jjg in 10 an 3 ) 
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Fig. 7. 




% 
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